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Endemic pneumonia of the albino rat is commonly regarded as an infectious 
disease but its etiology is still uncertain, though it has often been investigated 
and a  wide variety of bacteria isolated from the lung.  The opinion has also 
been expressed that the disease is not primarily bacterial in orgin but is referable 
rather  to  a  non-specific  pulmonary  irritation  with  resultant  bronchial  ob- 
struction. 
Associated Bacterial Factors.--Klein  (1)  isolated a  diphtheroid  which  he  named 
B. muris from the lung and heart's blood of two albino rats with pneumonia accom- 
panied  by hemorrhage  and  visceral  hyperemia.  Subcutaneous  injection  of  the 
bacillus  in rats resulted only in a local abscess.  Mitchell  (2) studied a highly fatal 
outbreak of pneumonia in albino rats and isolated the same organism from the lung. 
It likewise produced a local abscess on subcutaneous injection and resulted in death 
with  pleural  involvement  on  intrapleural  injection.  It  was  innocuous,  however, 
when  introduced  by the  nasal  route. 
Pneumonic lesions similar to those in endemic pneumonia of the albino rat have 
also been reported in wild rats.  The morbidity rate, however, is much lower in the 
wild rat.  Tunnicliff (3) reported one case of pneumonia in 28 wild rats, and we (4) 
observed six cases in 58 rats.  Wolff (5) isolated a hemophilic influenza-like  bacillus 
from wild  rats with lesions in the lung.  On injection in the rat by various routes, 
including  intratracheal, it was toxic and often resulted in death but was not recover- 
able from the organs at autopsy. 
Tunnicliff  (3, 6) observed a  Gram-negative streptothrix in 56 films from the lungs 
of 60 white rats with bronchopneumonia and isolated it in culture from 20.  Cultures 
were injected in young rats but only intraperitoneally and with irregular results.  One 
rat died 24 hours later with acute lesions in the lung from which the streptothrix was 
reisolated.  Hoskins and  Stout  (7)  studied  a  distemper-like rat disease  which  was 
often accompanied by pneumonia.  In about half of the cases they isolated B. bran- 
chlsepticns from the lung, heart's blood, and nasal passages.  The pathogenicity of 
the organism was not studied. 
Jones  (8)  recovered  a  pleomorphic organism  with  terminal,  dublike,  capsular 
swellings from the lungs of white rats with pneumonia.  It closely resembled Aaino- 
bacillus actinoides previously described  by T.  Smith  (9)  as the probable cause  of a 
pneumonia in calves.  Because of the high natural rate of pneumonia in the available 
rats, it was impossible to evaluate the relation of the organism to the disease.  Meyer 
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and  Batchelder  (10)  in  their  studies  on plague  observed an  accidentally  initiated 
epidemic  in  albino  rats  of  hemorrhagic  septicemia  with  pulmonary  involvement. 
The  associated  and highly pathogenic organism, which  also occurred in wild  rats, 
was named Pasteurella mur@~da. 
Nelson (11) studied the bacterial flora of the lungs from 40 albino rats with pneu- 
monia.  Actinobacillus actinoides (muris) was most commonly encountered  (35 per 
cent) as it also was from middle ear exudates  (43 per cent) in otitis which at that time 
was  believed  to  be  a  frequent  accompaniment  of the  pneumonia.  A .pathogenic 
diphtheroid resembling B. muris of Klein was also isolated from the lung and middle 
ear but  only occasionally.  It is  of interest  that  42  per  cent  of the lung cultures 
showed no growth on blood-enriched agar plates.  Smith, Bethune, and Wilson (12) 
isolated an unidentified  Gram-positive anaerobic coccus from the lungs of 16 white 
rats  with pneumonia and a  motile,  Gram-negative  aerobic bacillus from 10.  Pure 
cultures of these bacteria were innocuous on intratracheal  injection.  Eleven of 17 
young rats with no roentgenographic indication of pneumonia injected v/a the trachea 
with a  mixture of the two  bacteria showed evidence of pulmonary involvement at 
autopsy 9 to 21 days later. 
Klieneberger and Steabben  (13) noted that rats with pneumonia were more often 
carriers  of  the  pleomorphic  organism StreptobaciUus monillformis than were normal 
rats.  They also noted the similarity between StreptobadUus monit~formls and  the 
organisms described by Tunnicliff, Jones,  and Nelson, and suggested their identity. 
They  isolated  a  pleuropneumonia-like  organism, which  resembled  the  earlier  one 
described by Klieneberger  (14)  as a  symbiont of the streptobacillus, from the lungs 
of 17 out of 19 rats with pneumonia.  In a later and more extensive study Klieneber- 
ger and Steabben (15) recovered the same pleuropneumonia-like organism, now termed 
L3, from the lungs of 138 out of 251 albino rats.  It was found in the lung of young 
rats in the absence of macroscopic lesions and the rate of its isolation increased as the 
rat matured.  Because of the high rate of carriage no definite evidence could be ob- 
tained of its etiological relation.  The  suggestion was made that an adjuvant factor 
might be  required  to establish  the  organism  as  a  pathogenic agent.  Warren (16) 
in the study of another species  of the pleuropneumonia4ike  organism,  the Woglom- 
Warren strain of IA, observed that nasal instillation in adult rats resulted in an acute 
interstitial pneumonia with mononuclear leucocytes as a prominent factor. 
Associated Non-Bacterial Factors.--Passey,  Leese,  and  Knox  (17) suggested  that 
since lack of reasonable exercise  deprived the rat of full use of the lung, the resulting 
stagnation of normal mucous secretion might result in dilatation and mild sacculation 
with subsequent bacterial contamination.  The continued inhalation of dust particles 
from litter and feed has also been noted in unpublished comments as a possible  initiat- 
ing  factor. 
The Bacteriological Examination of Selected Albino Rats with Pneumonia 
Our early work with endemic pneumonia was carried  out with rats which 
when  mature  showed  a  high  rate  of otitis  in  addition  to  pneumonia.  The 
frequent  isolation  of  Actinobacillus  muris  from  both  loci,  particularly  the 
middle ear,  coupled with  the  observation  that  it  produced  an inflammation JOHN B.  NELSON  17 
within the tympanic cavity on intraaural injection led us (18) to believe that it 
was of etiological significance.  The subsequent examination of rats from the 
so called selected colony originally established with disease-free breeders dearly 
indicated, however, that Actinobacillus  muris was merely a secondary invader 
and that the high rate of otitis observed prior to selection was not associated 
with the pneumonia (19).  Middle ear involvement was reduced to a low level 
in the selected rats and to date has never exceeded 4  per cent whereas the 
pneumonia was not sigr~ificantly affected and is still high in mature rats.  With 
the  reduction  in  otitis,  Actinobadll~  muris  disappeared  from  the  colony 
and has not been reintroduced.  All attempts to cultivate it from the lung 
and occasional middle ear exudate have been unsuccessful though from time 
to time it has been 'isolated from rats obtained elsewhere. 
As previously noted, a high rate of otitis is characteristic of infectious catarrh 
which, it may be presumed, was present in the original rat colony together with 
endemic pneumonia but unlike the latter was eliminated by selective breeding. 
The coccobacilliform bodies which are the cause of infectious catarrh have never 
been demonstrated in exudates or tissues from the selected rats. 
Many attempts were also made to recover pleuropneumonia-like organisms 
from the lungs of selected rats with pneumonia using media known to support 
growth of these organisms but were uniformly unsuccessful. 
Brucdla bronchiseptica was occasionally isolated from the lung of pneumonic 
selected rats, but neither it nor any other cultivable organism was recovered 
sufficiently often  or  in  sufficient numbers  to  be  of  etiological importance. 
The Bacteriological Examination of Experimentally Infeaed White Mice 
The transmission of a communicable respiratory disease to mice (20) by the 
nasal instillation of lung suspensions from rats with pneumonia clearly indicated 
the  association of an  infective agent and provided an  additional means of 
isolation and  study.  The  resemblance between  this  disease  in  the  mouse 
and  infectious  catarrh  to  which  it  is  naturally  subject  has  already been 
noted.  The most dependable guide in the diagnosis of infectious catarrh is the 
microscopic examination of exudate from the middle ears and nasal passages, 
Gram-stained films regularly showing extra- or intracellular coccobacilliform 
bodies.  Tissue and exudate films from mice with the experimentally induced 
disease were repeatedly examined but morphologic units resembling the cocco- 
bacilliform bodies  were  never  observed.  This  difference between  the  two 
diseases when examined in parallel series was particularly striking. 
Microscopic and cultural examination of tissues and exudates from mice with 
the induced disease was also carried out with the view of demonstrating pleuro- 
pneumonia-like organisms. 
The medium most commonly employed in the examination of both mice and rats was nu- 
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tion being approximately 30 per cent.  Ascitic fluid and horse serum fortified with an equal 
volume of a  10 day egg embryo extract were also used in some instances.  Petri dishes of 
these media were inoculated fairly heavily and then sealed with scotch tape.  The inoculum 
included 10 per cent suspensions of lung in saline solution and emaciates both undiluted and 
on dilution with saline.  The plates were incubated at 37°C. for 7 to 14 days and inspected 
at intervals under low power magnification.  Films of exudate were examined microscopically 
after staining with Gram and Giemsa, respectively. 
Colonies  of  pleuropneumonla-like organisms  were  never  demonstrated  on 
inoculated horse  serum  agar  or  ascitic fluid agar plates at  any  stage of  the 
disease.  During part of the examination a  member of this group of organisms 
isolated from  another  source  was  maintained for  many  transfers  on  similar 
media.  The microscopic examination of exudates likewise failed to show any 
of  the  morphologic forms  characteristic  of  the  pleuropneumonia-like group. 
The inoculated plates generally showed few bacteria of any species and none 
were isolated which were of any etiologic significance. 
Titration of the Infective Agent in Lung Suspensions  from Mice 
Titrations  were  made  to  determine  the  minimum  infective  dose  of  the 
unknown  agent  present  in  the  lung  of mice with  the  induced disease.  The 
results  of four  experiments were  identical in  establishing  10  T as the  highest 
dilution of the lung which retained activity on subsequent nasal instillation in 
mice.  Each of the four original suspensions produced lung lesions in aLl of the 
injected mice  through  dilution  10  ~.  In  the  higher  dilutions  there  were  in- 
dividual differences which are summarized in Table I.  It is of some interest 
that in the upper dilution range a number of the mice showed involvement only 
of the middle ears. 
In the above experiments  the pooled lungs, comprising both normal and involved tissue, 
from mice killed about 4 weeks after nasal instillation were weighed and ground in. a Waring 
blendor with sufficient buffered saline (pH 7.4) to make a final concentration of 10 per cent. 
The resulting suspensions were centrifuged  at low speed for 15 minutes to remove coarser 
particles and subsequently diluted at tenfold intervals from 10  s through 10  s.  The volume of 
inoculum was included in the final dilution.  Unless otherwise noted, the same procedure was 
followed in all of the subsequent  titrations.  Five mice weighing 13 to 18 gin. were injected 
intranasally while under ether anesthesia with 0.05 ml. of the respective dilutions and au- 
topsied 4 weeks later.  The condition of the lung under low power magnification  was used as 
an index of infection.  If the lung was normal the middle ears were exposed and examined 
for the presence of exudate. 
Filtrability of the Infective Agent in Lung Suspensions  from Mice 
Qualitative  filtration  experiments  with  lung  suspensions  indicated  that 
Berkefeld V  filters were generally permeable to  the unknown  agent but that 
N  filters were not.  The V filtrates, in a  dilution of 2  X  10  2, of 3 out of 4 lung 
suspensions  were  infective  for  mice  on  nasal  instillation while  equivalent 
dilutions of the 4th V  filtrate and of 3 N  filtrates were innocuous.  There was JOHN B.  N-ELSON  19 
a  considerable  quantitative  loss in  the activity  of the lung  suspensions  after 
passage through V candles.  In two experiments thetiter of the infective agent 
was reduced from 10  7 to  1@ and  10  5, respectively.  The limiting  dilutions  of 
both filtrates produced lung lesions in only one of the 5  mice which were  in- 
jected.  None  of  these  mice showed involvement  of the  middle  ear,  but  an 
otitis  in  the  absence  of pneumonia  was  observed  in  other  mice of the  same 
series. 
The suspensions used in the filtration tests were made from the pooled and entire lungs of 
mice killed 4 weeks after nasal instillation.  The lung tissue was finely ground either in a 
glass tissue grinder or in the Waling blendor and sufficient nutrient bouillon added to make a 
final concentration  of 10 per cent.  The suspensions were centrifuged at low speed for 15 
TABLE I 








dih  ion 
Dilution 
I06 






Pneu-  .  Otitis 
monia 
5  ! 
4 
5 
1  ! 
107 
Penu-  Otitis 
moaia 
5 
1  0 
0  1 
2  0 
IO  s 
Pneu-  monia  Otitis 
0  0 
0  0 
0  0 
0  0 
* If the lung showed involvement  the middle cars were not examined. 
minutes  and the supematants filtered through number 3 V and N  Berkefeld candles.  The 
filtrates showed no colony growth on sealed 30 per cent horse serum agar plates. 
Sedimentation  of the Infective  Agent  by Centrifugation 
The  inability  of  the  infective  agent  to  pass  through  N  Berkefeld  filters 
suggested that its particle size might be comparable to that of the pox viruses. 
Accordingly, experiments were carried out to determine whether it simulated 
the elementary bodies in its response to centrifugation.  Infective lung suspen- 
ions were spun at approximately 3500 ~.P.~. in a  small angle centrifuge and at 
3700, 5000, and 9000 ~.P.M.  in a  Pickels type centrifuge.  Qualitative  tests of 
the respective sediments and supernatants in mice indicated that the infective 
agent was present in both fractions at speeds through 5000 R.P.M. but only in 
the sediment at 9000 R.p.xf. 
Quantitative  tests  were  then  made  with  3  different  lung  suspensions,  the 
initial  concentration  of the  infective  agent being  compared with  that  of the 
supernatants  and sediments after centrifuging at 9000 R.P.~t.  In 2 of the sus- 
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infective agent was present  in equivalent-concentration  in the sediments but 
was not  demonstrable  in 'the  supernatants.  In  the  third  suspension,  which 
likewise titered  107 initially, all of the agent was not removed by centrifuging, 
the titers of the sediment and supernatant being 108 and 2 ×  102 respectively. 
In this experiment,  which is summarized in Table II, some of the mice which 
received higher dilutions of the inoculum again showed middle ear involvement 
in the absence of pneumonia. 
Pleuropneumonia-like  colonies were not demonstrable on serum agar plates 
inoculated with  sediments  prior  to resuspension,  nor were the  characteristic 
morphologic  units  observed  in  Giemsa-  or  Gram-stained  films.  Sediment 
films  impregnated  with  silver  by  the  Morosow method  did  show,  however, 
intensely  black  and  sharply  outlined  spherical  particles  which  were  smaller 
than  the  elementary  bodies  of  vaccinia.  This  oberservation  was  of  some 
interest since the sedimentation tests indicated that the infective agent, while a 
TABLE II 
Titration of the Infective Agent before and after ttigh Speed Centrifugation 
No. of mice [  No. of mice infected with each dilution 
Nature of the suspension  with each  ..... 
dilution  2 X  10s  10t  104  106  101  10T 
Before centrifugation .............  5  5  5  [  3*  2 
Sediment at 9000 R.p.x¢  ...........  S  [  [  5  5"  2  0 
Supernatant  at 9000 mp.M  .........  2  ]  2  0  0  0 
I0  a 
o 
o 
* 2 mice showed otitis only. 
relatively  large  sized  particle,  was  probably  smaller  than  the  elementary 
bodies.  The sediments were not sufficiently pure, however, to warrant identi- 
fication of these particles. 
In the preceding centrifugation tests 10 per cent suspensions of pooled entire mouse lungs 
were prepared in buffered saline by grinding for several minutes in a Waring blendor, the total 
volume being 50 ml.  After centrifuging at low speed for 15 minutes, 15 ml. amounts of the 
snpernatants  were spun at high speed for 30 minutes.  On removal of the supematant the 
small amount of sediment was resuspended in sufficient buffered saline to restore the original 
volume.  The original suspension and the two fractions after high speed centrifugation  were 
tested in mice by nasal instillation.  Before the sediments were resuspended they were inocu- 
lated on sealed 30 per cent horse serum agar plates which were incubated  for 7 to 10 days. 
Dried films were also stained by the Giemsa, Gram, and Morosow methods. 
Cultivability of the Infective Agent in Erabryonated  Eggs 
Attempts  to cultivate  the  infective agent  in embryonated  eggs by chorio- 
aUantoic,  amniotic,  and  yolk  sac  inoculation  were  uniformly  unsuccessful. 
Aside from a few eggs that were contaminated with bacteria, the embryos were 
normal  and  active  through  the  7th  day  of incubation  after  inoculation  and JOHN B. NELSON  21 
no pathologic changes were apparent in the supporting membranes.  Tissue 
suspensions made after several blind passages were inactive on nasal instillation 
in mice. 
Bacteria-free lung and exudate suspensions, active sediments, and active V filtrates were 
used in the inoculation of eggs.  0.05 to 0.1 ml. of the inoculum was injected in 10 day em- 
bryonated hen's eggs by way of the chorioaUantoic membrane and amniofic cavity and in 6 
day eggs by way of the yolk sac.  The inoculated eggs were incubated at 37°C. and opened 
on the 3rd to 7th day.  After a number of passages, which varied from 2 to 10, suspensions 
were made from the chorioallantoic membrane and yolk sac and injected intranasally in mice. 
Viability of the Infective Agent on Storage at Low Temperatures 
The infective agent was unstable under ordinary conditions of refrigeration, 
10 per cent lung suspensions in buffered saline being inactivated after a week 
at 40°C.  In a  frozen state under dry ice it remained viable, however, for a 
period of at least 13 weeks. 
Identity of the Agent in Experimentally  Infected Mice 
Although no certain test for identifying the infective agent was devised and 
the  supporting  evidence was  largely circumstantial,  it seems permissible  to 
conclude that the same agent was present in all experimentally infected mice 
and was originally transmitted to  them from the rat.  The behavior of the 
agent in respect to its localization in the host was sufficiently characteristic to 
serve  as  a  partial  guide.  Supplementary  information was  supplied  by  the 
microscopic  examination  Of  exudates and  the  cultural examination  of lung 
suspensions.  Instances in which injected mice showed involvement only of the 
middle ear were followed by an additional passage which always brought out 
the full pneumotropic activity of the agent.  As indicated in the preceding 
paper (20) the serial passage in mice was adequately controlled by the parallel 
examination of normal mice which yielded no counterpart of the infective agent. 
DISCUSSION 
It is difficult to appraise much of the early work on endemic pneumonia of the 
albino rat because the criteria for judging the significance of a given agent were 
inadequate.  It is our opinion that any unknown agent should meet certain 
requirements in addition to the original Koch postulates to establish a causal 
relation to the disease in question.  It is essential that the agent reproduce the 
basic features of endemic pneumonia when introduced in a pure state by way of 
a natural portal of entry, which in all probability is the upper respiratory tract. 
Moreover, the agent should be experimentally transmissible by nasal passage 
and naturally so by cohabitation.  None of the described bacteria have met 
these requirements and it seems justifiable to conclude that the etiology of 
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as BruceUa bronchiseptica and Pasteurella muricida, undoubtedly produce  a 
pulmonary reaction in the rat but are unrelated to endemic pneumonia and if 
isolated from the lung of infected rats are present only as secondary invaders. 
Critical study of endemic pneumonia has been particularly handicapped by 
the lack of suitable rats, the disease being universally distributed in so far as is 
known.  An additional source of error has been the coexistence of infectious 
catarrh which may simulate endemic pneumonia in its initial involvement of the 
lung.  By using specially selected rats we were able to eliminate infectious 
catarrh and also to rule out Actinobacillus muris (StreptobaciUus moniliformis) 
as a  significant factor but still had to contend with a  high rate of endemic 
pneumonia in adult rats.  The disease may also appear in younger animals but 
in general the immature rat fails to show macroscopic evidence of pneumonia 
under natural or experimental conditions of infection and appears  to be re- 
fractory.  It was for these reasons that an alternative host was sought and the 
mouse finally chosen. 
It was subsequently found that an infective agent was regularly present in 
the lungs of adult selected rats with pneumonia, which on transfer to mice 
likewise gave rise to a pulmonary inflammation.  Bacteriological examination 
of lung suspensions and exudates from experimentally infected mice as well as 
from naturally infected selected rats failed to demonstrate any of the bacteria 
isolated by previous workers.  Because of the high incidence of pleuropneu- 
monia-like  organisms  reported  by  Klieneberger  and  Steabben  (15)  in  the 
pneumonic  lungs  of  rats,  particular  attention  was  paid  to  these  bacteria. 
It has already been noted that the morphologically similar coccobacilliform 
bodies of infectious catarrh were not demonstrable in the experimentally in- 
fected mice.  The repeated attempts which were made to cultivate pleuro- 
pneumonia-like organisms using adequately enriched media and to demonstrate 
them in films were likewise uniformly unsuccessful. 
In view of the inability to identify a cultivable organism with the infective 
agent, experiments were carried out to  determine whether it had the char- 
acteristics of a virus.  The results indicated that the agent was filtrable, though 
not readily so, and suggested that it was a particle somewhat smaller than the 
elementary bodies of vaccinia.  Like the elementary bodies it was refractory to 
staining with the usual aniline dyes, but unlike them was not cultivable in 
embryonated eggs nor able to withstand a  temperature of 40°C. for a period 
longer than a week.  These findings while broadly suggestive of a virus might 
likewise be  applicable  to  a  pleuropneumonia-like organism.  The  only dif- 
ferential characteristics at present are the inability of the agent to multiply in 
a  cell-free  medium and its tinctorial properties.  Since these characteristics 
might be referable to technical inequalities, it seems advisable to regard the 
agent as virus-like in nature and defer a final decision until additional obser- 
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The virus-like agent fulfills the essential postulates for identifying it as the 
specific cause of the experimentally produced mouse disease.  These postulates 
have not been fulfilled for similarly identifying it with the rat disease and until 
this is done it can be concluded only that the agent is a  frequent resident of the 
lung in endemic pneumonia. 
SUMMARY 
Coccobacilliform  bodies,  pleuropneumonia-like  organisms,  or  other  cul- 
tivable pathogenic bacteria were not demonstrable in lung and exudate sus- 
pensions from selected adult rats naturally infected with endemic pneumonia 
or from experimentally infected mice. 
The specific factor in lung suspensions from mice was identified with an agent 
which was active on dilution through 10L  It failed to pass through Berkefeld 
N filters but was generally present in V filtrates, with a loss in titer up to 1000- 
fold.  It was largely removed from suspension on centrifugation at a speed of 
9000 R.P.~t. for 30 minutes. 
Attempts to cultivate the agent in embryonated eggs were uniformly un- 
successful.  In fluid suspension it failed to withstand storage at 40°C. for a 
week but remained viable for at least 3 months in a frozen state under dry ice. 
The  relation  of  the  infective agent  to  viruses  and  to  pleuropneumonia- 
like organisms is discussed. 
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